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Abstract: We experimentally demonstrate speckle noise reduction and beam wander 
mitigation by using a rotating diamond/KBr pellet and a multimode fiber (MMF). As the 
diamond/KBr diffuser is rotated, the reflected speckle images that are captured by an infrared 
camera are temporally averaged. We demonstrate 78% speckle noise reduction by averaging 
25 frames, which is within 80% of the theoretical contrast reduction. Large beam position 
fluctuations are also significantly suppressed by adding the MMF. This combination of beam 
wander mitigation and speckle reduction offers significant benefits for emerging optical 
technologies that use quantum cascade lasers as illumination sources. 

© 2019 Optical Society of America under the terms of the OSA Open Access Publishing Agreement 

1. Introduction 

QCLs (quantum cascade lasers) have been an appealing light source for many applications, 
especially stand-off spectroscopy [1–4] and micro-spectroscopy [5,6] due to their high 
brightness and spectral range. However, a granular pattern called speckle is induced by the 
high degree of spatial coherence of the laser when it illuminates rough surfaces. This can 
interfere with attempts to image and detect small particles on planar surfaces. To discriminate 
analyte particles from the substrate, the speckle noise needs to be minimized. Extensive 
efforts have been made toward reducing the coherence of laser beams for suppressing speckle 
noise by utilizing diffractive optical elements [7–9], frequency compounding [10,11], 
multimode fibers (MMFs) [12–15], moving diffusers [16–19], and micro-electro-mechanical 
systems (MEMS) devices [20]. Here, we propose a facile method to fabricate a diamond/KBr 
pellet for use as a diffuser by pressing a mixture of potassium bromide (KBr) and diamond 
powders. The different refractive indexes of diamond and KBr in the pellet lead to phase 
variations generating a spatially incoherent laser source. As the diffuser is rotated, the speckle 
patterns in the reflected image from the rough surface of a sample illuminated by the laser 
source are temporally averaged. In this paper, we demonstrate that the rotating diamond/KBr 
diffuser reduces the speckle contrast significantly by temporal averaging. 

Another serious issue with QCLs, especially external cavity (EC) QCLs, is beam wander 
induced by mode hops of the laser while the wavelength is swept for spectroscopic 
measurements such as stand-off detection techniques [21–23]. Any fluctuation of the laser 
beam direction out of the cavity and/or beam profile while the wavelength is swept results in 
a translation of the laser spot at the sample position. For a given pixel, this can often be 
misinterpreted as a spectral feature. As the distance between the laser and the target increases, 
this problem is amplified and could even result in some of the wavelengths of the laser 
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